Mice infected intravenously with Candida albicans were treated with SCH 39304, a new triazole antifungal compound, amphotericin B, or both. Two and administered by injection of 0.1 ml into the peritoneum. Therapy was begun 24 h following inoculation of mice with C. albicans and was continued for a total of 14 consecutive days. Mice were weighed weekly, and drug doses were adjusted accordingly. Two control groups were used: one received sterile 5% glucose in water intraperitoneally once daily, and the other received Emulphor EL-719P by oral gavage once daily. Cages were observed twice daily for deaths.
SCH 39304 is a new triazole derivative, with a long half-life and good absorption following oral administration (3) . It has been noted to be active in experimental animal models against different fungal pathogens, including Aspergillus species, Candida species, Cryptococcus neoformans, Blastomyces dermatitidis, Coccidioides immitis, and other fungi (1, 2, 5, 6, 8) . Its major mode of action is thought to be similar to those of other azole antifungal agents, i.e., inhibition of ergosterol synthesis secondary to blocking of the demethylation of lanosterol. Despite promising results obtained in preclinical and early clinical investigations, further development of SCH 39304 was stopped because of the unexpected toxicity of chronically administered doses administered to rodents. However, results of the present study are still relevant, since the general question of polyene-azole interactions in the in vivo setting may be applicable to other drugs in both classes of compounds.
Because polyenes, such as amphotericin B, bind to fungal membrane ergosterol as one mechanism of action of their antifungal activity, combinations of azoles and amphotericin B may be antagonistic, at least on theoretical grounds. Since no previous work has examined the interactions of azoles with amphotericin B in experimental murine candidiasis, I conducted this study to water and administered by injection of 0.1 ml into the peritoneum. Therapy was begun 24 h following inoculation of mice with C. albicans and was continued for a total of 14 consecutive days. Mice were weighed weekly, and drug doses were adjusted accordingly. Two control groups were used: one received sterile 5% glucose in water intraperitoneally once daily, and the other received Emulphor EL-719P by oral gavage once daily. Cages were observed twice daily for deaths.
Randomly selected mice in each group were sacrificed at designated intervals, and the right kidney was removed aseptically. The kidneys were manually homogenized in small volumes of saline, and 10-fold dilutions were plated onto Sabouraud dextrose agar. The plates were incubated for 24 to 48 h at 37°C, at which time the colonies were enumerated.
The Mann-Whitney U test and Fisher exact test were performed when appropriate by using a commercially available statistics program (Number Cruncher Statistical System, Kaysville, Utah) suitable for use on IBM PC-comnpatible equipment. Significance was defined as P < 0.05.
In animals with an acute infection, with a 90% lethal dose reached in 9 days, significant protection was provided by amphotericin B, 0.1 mg/kg/day, and SCH 39304, 0.1 mg/kg/ day ( Fig. 1A ; P < 0.01). However, when both SCH 39304 and amphotericin B were combined in these lower doses, 42% of the mice were alive at day 35, whereas 25% of the mice were alive when both drugs were used alone (P = 0.08 compared with SCH 39304 alone and P < 0.05 compared with amphotericin B alone).
In this same experiment, amphotericin B, 1 39304 regimen, 50 versus 25% ( Fig. 1B ; P < 0.01). The combination of SCH 39304 and amphotericin B at these higher doses did not result in a decrease in survival compared with survival after monotherapy with SCH 39304 alone, but the combination was superior to amphotericin B alone (P < 0.01).
In a more indolent infection, with a 50% lethal dose reached in 18 to 26 days, results were similar (Fig. 2) . SCH 39304 at both doses resulted in increased survival compared with the survival of controls (P < 0.001). Similar to results obtained in the first experiment, the addition of SCH 39304, 1.25 mg/kg/day, to amphotericin B, 1 mg/kg/day, did not diminish the effect of the amphotericin B. In fact, survival was increased in the group receiving the combination (P < 0.01 compared with either drug alone) for treatment of the more indolent infection.
The also evaluated in this experiment (Fig. 2B) . The single dose of amphotericin B 24 h after the mice were infected was sufficient to result in 100% survival at day 40, the end of the experiment (P < 0.01 compared with controls). The addition of SCH 39304, 0.1 mg/kg/day, did not decrease the perfect survival afforded by the treatment of mice with a single dose of amphotericin B. In this experiment, the one large of dose of amphotericin B was superior to lower daily doses of amphotericin B (P < 0.001).
Colony counts of C. albicans in the kidneys of infected mice supported the survival data. On the last day of therapy of mice with the indolent infection, control mice were heavily infected ( drugs yielded more impressive results, with mice receiving the combination having sterile cultures (Table 1) . Results for cultures obtained at various time intervals in two other experiments were similar to the data presented in Table 1 .
There has been an increase in awareness concerning the theoretical reasons for avoiding the combined use of polyene and azole antifungal agents. However, there is little information available yet to address this problem. Somewhat surprisingly, the data in this study suggest that when administered simultaneously, there are no apparent antagonistic effects of the antifungal agents in mice with either an acute or indolent C. albicans infection. This was demonstrated by survival and culture data.
The mechanisms responsible for the lack of antagonism and, in some instances, the additive to synergistic activity of combination polyene-azole therapy are unclear. Simplistic explanations of polyene binding to the fungal membrane ergosterol and azole inhibition of ergosterol synthesis are not tenable when attempting to explain findings such as those presented here. One possibility that is amenable to experimental verification is that polyene binding to the fungus destabilizes the membrane so that uptake of the azole is enhanced. Once internalized, effects on fungal metabolism other than mere inhibition of ergosterol synthesis may then become important correlates of the antifungal effect.
It should be stressed that this study addressed the effects of combination therapy by using one strain of Candida, and as previous in vitro work from this laboratory suggests (4), multiple strains may have to be evaluated to uncover unusual effects. In addition, the results should not be extrapolated to other mycoses, since one such study suggested that ketoconazole and amphotericin B have antagonistic effects in murine aspergillosis (7) . However, the interaction of polyenes and azoles is a clinically important problem, which will become compounded when newer azole derivatives become available and when the opportunity for sequential and/or concomitant polyene-azole therapy arises. This study should serve as a basis for more thorough examination of the topic.
